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包含0.5 g维生素 A醋酸酯、1.95 g棕榈酸以及1.5 g/L脂肪酶。最适反应条件为反
应温度30 ℃、摇床转速200 r/min和反应时间6 h，最终转化率约为80%。固定化
脂肪酶连续使用12次后反应转化率略有下降至75%。在此基础上，在反应体系中
加入0.4 g 离子交换树脂Amberlyst A-21用于醋酸吸附，转化率可提高到 90.06%。 
再次，在摇瓶批次反应优化实验的基础上进行固定床中催化合成维生素A棕
榈酸酯工艺条件研究。得到固定化脂肪酶催化合成维生素A棕榈酸酯的固定床工
艺条件为：在三个串联的15 mL固定床反应器中，分别装载6.0 g脂肪酶、6.0 g离
子交换树脂Amberlyst A-21及6.0 g脂肪酶，在维生素A醋酸酯与棕榈酸摩尔比为
1:2，维生素A醋酸酯的浓度为8 g/L，进料速度为0.5 mL/ML/min，反应温度30 ℃
A B0.824c c=






























































Vitamin A palmitate is one of the high-cost vitamin A derivatives and has rapidly 
increase market demand, which was widely used in medicine, food, cosmetics and 
other chemical industries. At present, vitamin A palmitate was mainly producted by 
chemical synthesis using vitamin A alcohol and palmityl chloride as substrate. 
However, there are some disadvantages in the chemical synthesis of vitamin A 
palmitate, such as high corrosion, environmental pollution, high color of the product 
and poor stability. Comparatively, enzyme-catalyzed was wildly applied for industrial 
producing vitamin A palmitate due to its advantages of mild reactions, high specificity 
and environment friendly. Therefore, in this paper, we attempted to synthesis vitamin 
A palmitate by immobilized-lipase catalyzed, which could provide reference for 
industrial production. The results were as follows: 
Firstly, kinetics course of immobilized-lipase catalyzed transesterification of 
vitamin A acetate and palmic acid were investigated. The effect of rotation speed, 
lipase and substrate concentration on initial reaction velocity was analyzed, and the 
dynamical mechanism of the reaction was studied. The results showed that: the 
reaction rate could be described in terms of Michaelis-Menton equation, and the 
lipase catalyzed reaction could be fitted with double substrate Ping-Pong Bi-Bi 
mechanism very well. Moreover, the relationships between the kinetic constants and 
the reaction parameters were obstained： 
 
Secondly, the reaction conditions of immobilized-lipase catalyzed 
transesterification of vitamin A acetate and palmic acid were investigated. The 
optimum lipase and reaction media were Novozym 435 and petroleum, respectively. 
The optimum reaction conditions were at rotation speed 200 r/min and 30 ℃ in 
reaction time of 6 h. Reaction solvent contained 0.5 g vitamin A acetate, 1.95 g palmic 
acid, and 1.5 g/L lipase in 50 mL solvent. Under the optimum condition, conversion 
A B0.824c c=


















of vitamin A palmitate can reach 80%. The conversion of vitamin A palmitate was 
slightly down to 75% after the immobilized lipase was reused 12 cycles. And adding 
0.4 g ion exchange resin A-21 into reaction liqiud, conversion of vitamin A acetate 
can reach 90.06%.  
Thirdly, on the basis of batch reaction, catalyzed reaction condition on the fixed 
bed reactor was furtherly studied. The optimum reaction conditions for fixed bed 
process were obtained: 6.0 g lipase, 6.0 g ion exchange resin A-21 and 6.0 g lipase 
were filled into three 15 mL fixed bed reactor in series respectively; the molar ratio of 
vitamin A acetate and palmitic acid was 1:2 with 8 g/L vitamin A acetate. The reactor 
temperature was kept at 30 ℃ with a flow rate at 0.5mL/ML/min. Under this 
condition, the highest conversion rate reached to 95%. Meanwhlie, the reused time 
and the stability of immobilized-lipase after scale-up were investigated. The reactor 
temperature was kept at 30℃ with a flow rate at 0.5 mL/ML/min, after conversion 
rate still can reach 92.3% after continuous reaction for 400 h. The immobilized-lipase 
showed good stability and conversion rate still can reach 93.8% in 10 times reaction 
volume after continuous reaction for 192 h.  
Finally, the separating and purifying condition of vitamin A palmitate from lipase 
catalyzed reaction was obtained. The excessive palmitic acid was firstly recovered 
from the reaction system by the method of two-step cooling crystallization, and then 
vitamin A acetate and vitamin A palmitate were separated by liquid-liquid extraction 
method. The purifying condition of vitamin A palimate was as follow: the 
concentration of methanol was 88%; the ratio of methanol/distilled water and 
petroleum ether was 2: 1; the feed flow rate of petroleum was 10 mL/min; the 
extraction temperature was kept at 20 ℃, and the filling height was 100 cm. Under 
these conditions, the purity of vitamin A palmitate could reach 99.1% in extraction 
phase, and the yield of extraction could reach 95.4%.  


















1.1 维生素 A 及其衍生物 
1.1.1 维生素 A 及其衍生物简介 









图 1-1 维生素 A 结构式 
Fig. 1-1 Vitamin A structural formula 
 
    维生素 A 是人体必需的营养素之一。它具有维持正常视觉反应、促进生长
发育、维护皮肤细胞功能的完整与健全、加强免疫能力、清除自由基等重要生理
功能 [1,2]。  
维生素 A 是由一个非芳香族的环结构、一个多烯类侧链和一个羟基末端基
团组成，其结构特征表明很不稳定，遇酸、空气、氧化性物质、紫外线、高温等
易被破坏 [3]。维生素 A 酯化成维生素 A 酯衍生物，可以提高其稳定性。目前常
见商品销售的维生素 A 产品形式是：维生素 A 醋酸酯（Vitamin A acetate，简称 Va-Ac）、























图 1-2 维生素 A 醋酸酯结构式 








图 1-3 维生素 A 棕榈酸酯结构式 
Fig. 1-3 Vitamin A Palmitate structural formula 
 
1.1.2 维生素 A 市场分析 
据统计 2011 年，全球维生素 A 产量约为 22600 吨（折 50 万 IU），全球销售
额约为 5.4 亿美元。维生素 A 主要用于饲料（占 85%），其余用于食品医药（占
15%）。 
维生素 A 生产集中度较高，生产厂家主要有国外的 DSM、BASF、Adisseo
和国内的新和成、浙江医药、金达威，图 1.4 为维生素 A 厂家 2011 年产量数据。


















图 1-4 2011 年全球维生素 A 产量情况 
Fig .1-4 The global output of Vitamin A in 2011 
    维生素 A 商品销售主要是以 Va-Ac 形式（约占 90%），其余主要以 Va-Pa 的
形式销售（占 10%）。Va-Pa 稳定性优于 Va-Ac，Va-Ac 主要作为饲料添加剂使用。
Va-Pa 主要作为药品或者食品化妆品添加剂等高端市场应用，其产品附加值是
Va-Ac 的 1.4-1.7 倍 [5-7]。 
1.1.3 维生素 A 酯合成 
目前 Va-Ac 的合成主要是采用化学全合成工艺，Va-Pa 是以 Va-Ac 为起始原
料。 
 
1.1.3.1 维生素 A的全合成工艺 
1947 年，瑞士的 O. Isler 等 [8]人首先完成了 Va-Ac 的化学合成，Roche 公司
于 1948 年实现工业化生产。目前世界上主要维生素 A 生产厂商所用的两种合成
工艺路线如下： 
（1） Roche 公司的 C14+C6 合成工艺 
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